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MASTER TIMING UMNIT(MTU)

FUNCTION:
PROVIDES MASTER TIMING REFERENCE TO THE DISPLAY AND CONTRCL{D&C},

. COMMUNICATION AND TRACKING(CET), DATA PROCESSING SYSTEMS(DPS), MODULAR
AUXTLIARY DATA SYSTEM(MADS), ORBITER EXPERIMENT (OEX), PAYLOADS AND OI.
GMT AND MET ARE GENIRATED WITH PROVISIONS FOR SETTING AND UPDATING
THROUGH THE ONBOARD COMFUTERS.
REFERENCE DESIGNATOR: B5V7SA3.

FAILIIRE MODE:
ERRONEQUS OUTFUT.

CAUSE(S);
PIECE-PART STRUCTURAL FTAILURE, VIMEATICH, TEMPERATURE, MECHANIZAL SHOCE,

CONTAMINATION,

EFFECT{5) ON:
{A)SUBSYSTEM (B)INTERFACES (C}MISSION (D)CREW/VEHICLE

(A} ERRONEOUS OUTPUT T¢ ORBITER TIMING BUFFEIR, PAYLCAD TINING BUFFER,
PULSE CODE MODULATION MASTER UNIT, AND PAYLOAD DATA INTERLEAVER.

(B} ERRONEOUS OUTPUT DELTAS GREATER THAN £00 MICRO SECONDS (MS) DETECTED
EY ALL GENERAL PUYRPOSE COMPUTERS(GPC} WILL RESULT IN ALL GPC'S FAULTING

DOWN TG A GPFC AS TIME SQURCE. ©N ORBIT: BACK=UP FLIGHT EYSTEM(EBFS) &
"NO GO" FOR ENGAGEMENT DUE TO ITS INABILITY TC ESTABLISH BFS GEC TIME

WHICH RESULTS IN LOSE OF GUIDANCE CAPABILITY.

(€} EARLY MISSION TERMINATIGN MAY BE REQUIRED IF GROUND" PERSONNEL DETECT
THAT TIME ERRDR IS INCREASING,
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(D) FIRST FAILURE DETECTED BY ALL GPC'S OF ERRONEOUS OUTRUY GCREATER THAN
00 MS CAUSES ALL GPC'S TO SELECT A GPC AS TIME SOURCE.

: BFS IE THO GO" FOR ENGAGEMENT UNTIL ACCEPTARLE MTU TIME Is
RESTCGRED. SEXCOND FAILURE IS A GENERIC PASE PAILURE WHICH RESULTS TN
LO5S OF CREW/VEHICLE.

DISPOSTTION & RATIONALE:
(A)DESIGN (B)TRST (C)INSEECTION (D)FATILURE NISTORY (E}OPERATIONAL USE

{A) DESIGN

THE MTU IS A ETABLE CRYSTAL CONTROLLED FREQUENCY SOURCE WHICH SHALIL
FROVIDE TREQUENCY OQUTFUTS TO EELECTED SHUTTLE ORBITER SUBSYSTEMS AND
FAYLOADS . 28 VDC WILL BE FPROVIDED FROM REDUNDANT ORBITER ESSENTIAL
BUSES. THE MTU INCLUDEZ REDUNDANT DOUELE OVEN THERMALLY STABILIZED
CRYSTAL CONTROLLED OSCILLATORS. THE 3 TIME ACCUMULATORE ARE DRIVEN BY 2
FREQUENCY DIVIDERS WHICH ARE OPERATING FROM THE AUTOMATICALLY SELECTED
CRYSTAL OSCILLATOR. THE AUTOMATIC SELECTION CAN BE MANUALLY OVERRIDDEN.
THE MTU CONTAINS THE NECESSARY BUILT-IN-TEST CAPABILITY TO DETECT ANT
REPORT FATLURES WHICH AFFECT OPERATION. EEE PARTS ARE SELECTED FROM OR
IN ACCORDANCE WITH MFOQO4=400 OPPL REQUIREMERT. THE MTU 1S DESIGNED WITH
INPUT/QUTFUT ISOLATION S0 THAT A FAILURE OF ONE I/0 FUNCTION HAS NO
ADVEREE EFFECT ON OPERATION OF ANY OTHER I/0 FURCTICN. THE MTU SHALL
HAVE A MINIMUM USEFUL LIFE OF 24,000 HEOURS, WHICE IS EQUIVALENT 10 100
ORBITAL MISSIONS IN A 10 YEAR PERICD FROM DATE OF DELIVERY.

{B} TEST
ACCEPTANCE REQUIREMENTS INCLODE:
EXAMINATION OF FRODUCT, FUNCTIONAL PERFORMANCE TEST, ACCEPTANCE VIBRATION
TEST(AVT), ACCEPTANCE THERMAL TEST(ATT).

OUALITICATION TEST INCLUDE:
ACCEFTANCE TEST, POWER TEST, EMC, CABIN ATMOSPHERE, THERMAL CYCLE,
VIBRATION, ACCELERATION, THERMAL VACUUM, LIFE, LIGHTNING, SHOCK.
GRDUND TURNAROUND TEST
MTU BITE AND GUTPUT VERIFICATION PERFORMED EVERY FLICHT.
{C) IRSPECTION

RECETVIN:G IMSPRCTION
INCOMING PARTS AND MATERIALS ARE SURTECTED TO A VIEUAL AND DIMENSIONAL
EXAMINATION WHERE APPLICABLE. CERTIFICATIONS ARE VERIFIED.

CONTAMINATION CORTROL ~ - —

CONTAMINATION CONTROL FLAN 1S VERIFIED BY INSFECTION. THE PROCESS 15
IMPLEMENTED AND CLEAN ROOM ENVIRONMENTE ARE MAINTAINED, =

(UP TG CLEANLINESS LEVEL 100,000) B}

ASOPWBLY / TNETALIATION

KAKDATORY INSPECTIONS ARE SET UP 1IN THE ASSEMBLY FROCEDURE.
MAGNIFICATION (10¥) IS DTILIZED TO INSPECT PARTS IN DETAIL., ANTI-5TATIC
FROCESE IS HANDLED THROUGHOUT ASSEMBLY/INSTALLATION/SHIPPING FLOW. WIRE
INSULATIONS ARE INSPECTED TO PRECLODE ANY EXPOSED WIRE.
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CRITICAYL. FROCESSES
WIRE CRIMPING, STRIPPING AND SWAGING I5 VERIFIED BY IRSPECTION.
PARTE PROTECTION, COATIRG AND FLATIRG REQUIREMENRTS ARE VERIFIEC BY

INSPECTION. SCLDERING, BONDING, AND SHIELDED WIRES ARE SUBJECTED TO
INSPECTION.

HONDESTRUCTIVE EVALUATION
X=RAY PENETRANT TEST IS CONDUCTED ON BAMPLYNG INEPECTIOK.
ETCHING PRCOCEESES ARE CONDUCTED PY SUBR-SUFFLIER {RCCKWELL COLLINS LIV.)

TESTING
ATP IE VERIFIED BY INSPECTION.

HANDLING/FACEAGING
PACFAGING POR SEHIPMENT IS VERIFIED AND BOUGHMT OFF BY ROCFWELL POA.

(D} FAILORE HISTORY

PERRONEDUS QUIPUT" FAILURES WILL BE ADDRESSED ON THIE CIL.
TEE POLLOWINKG THREE FAILURES EXPLAINEPR RELOW INVOLVED THE FLASKS WHICH
EURRCOUND THE MTU GECILLATORS.

{1} CARF ASO023, COV101l EDW, MIC E/F &, 4-2-77 = THE TEMPERATURE HITE BIT
FOR OSCILIATOR #1 AND $2 EXHIBITED A "FAIL™ CONDITION INDICATING
IMPROPER OSCILLATOR TEMPERATURE. THE MTU EXHIBITED EXCESSIVE POWER DRAIN
AND THE OUTER SIRFACE WAS WARMER THAN NCREMAL. A FAILURE OF DEWAR FLASK
WHICHE IS UBED AS THE OVEN ENCLOSURE CAUSEDL: THIS PROBLEM. THISE 1S
ATTRIBUTAELE TC A WORFMANSHIP DEFICIENCY IN THE DEWAR ZEALING OPERATION.
THE SUSFECT FLASFKE EHOWED A SEVERE LOSE OF VACUUM WITH LEAKAGE EXHIBITED
AT THE EXTREME TIP OF THE EVACUATION TUBE SEAL-OFF POINT. THE DEWAR
FLASK WAS REPLACED ON THIS UNIT, AND ALL FLIGHT UNITS WILL RECEIVE 100%
TESTING QF ALL DEWARS.

{2) CARY AEB7EE&1 OV102 ESC, MTU B/N 4, 10=-11=B0 = SUBSYSTEM TEEST
INDICATED BITE BIT #4 ([FREQUENCY DIFFERENCE) TG BE INTERMITTENT AND
BIT#6 (GVEN #2 TEMPERATURE] TO BE STEADY FAIL. ALSO, THE OSCILLATOR
ASSEMBLY IKMER OVEN TEMFERATURE COMTROLLER WAS POUND TO BE MON"
CONSTANTLY. DEWAR #12 WAS REMOVED FOR TEST AND VERIFIED DEFECTIVE BY LN2
TEST. THE FAILIRE RESULTED FROM A VACUUM LEAR PATH TERDUGH THE SEAL-OFF
TIP BECAUSE CF SILVER CONTAMINATION IN THE CRAPILLARY VACSUUM TIF AND
IRAUFFICIERT THICENESS IN THE GILASS BEAD COVERING THE SEAL-OFF TIP. TO
DATE, & OCT OF 18 DELIVERED PLASES HAVE FATIED BECATUSE OF VAITUM LOSS,
ALL FROM TEE SAME LOT. THIS CAR WAS "EXPLAINED™: |[l1) EXISTING MTU'S
WILL BE USED “AS I8™ ONTIL PAILURE QCCURS FOR DDTGE PHASE. (2) FOR
INCREMENT III UNITS AND ANY DDTLE UNITS RETURNED POR REPATR, ALL FLARKS
WILL BE INSPECTED AND THE SEAL TIP WILL BE VERIFIED.

(3) CAR{ ADG3IE, SUPPLIEE, MTU &/ 6, $-3-85 - QSCILLATOR B FREQUENCY
JUMDPED 20 PARTS PER 10 =¥ HI DURING ATT . THE CAUSE WAS A CRACKED DEWAR
FLASK ON THE "A"™ SILDE. THERE WAS HO DAMAGE TO THE OSCTLLATOR ASSEMBLY
CASE QR IN ANY INTERICR AREA. BOGTH DEWAR FLASEE WERE REFPLACED IN
QSCILIATOR ASSRMBLY SN 4277 WAS THEN RETURNED TO WESTIHGZHOUSE FOR
UNEESTRICTED TSAZSE. CAUESE OF FAILURE WAS NOT ESTABLISHED AND THE EVENT
WAS AN ISOLATED TNCIDFENT. 1Nl T
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THE FOLLOWING 2 PAILURES INVOLVE CRACRED SOLDER JOINTS ON THE MTU FRINTED
CIRCUIT BOARDS. SUBSEGUENT SOLDER CRACKS -WERE EXFERIENCED AND ARE BEING
COMPILED TUNDER CAR# AD1346 WITH PFORMAT CLOSEOUT IN PROCESS. SOLDER
CRACRS WERE POTND TO BE ATTIBDTABLE TO SOLDER CREEF FAILURES RESULTING
FROM RESIDUAL STRESS INMERENT I¥ THE LEADS OF I.C. DEVICES. THE BTREES
REGULTED FROM BOLDERING TECHNIQUES WHICH RESTRAINED THE LEAD DURING THE
EOLDERING FROCESS, FLIGHT UNITS HAVE BEEK REWORKED USING REVISED EQLIDER
PROCESSES T ELIMINMATE BUILT IN LEAD STRESS AND INSPECTED. THE UNWITS
WERE SUCCESSFULLY RE-TESTED TO ATP REQUIREMENTS.

{4) CAR} AC?7520, BAIL, MTU S/F 2, 2-17=-84 = THE MTU NON-VOTED OUTPUT CH-2
HAD A INPROPER EYNCHRONIZING CODE OUTPUT. THEL CRACXED EOLDER JOINTS WERE
POUND IN LEADS OF FLATPACRE. KO CAUSE POR THE CRACKED SOLDER JOINTSE WAS
DETERMIRED BUT TEE FAILURE MECHANISAM WAS BELIEVED TC BE RELATED TO
TEMFERATURE CYCLING. THE REPAIR ACTION OF THESE S0LDER JOINTE WAS TO
REMOVE THE CORFORMAL COATING, GLEAN THROUGHLY AND REFLOW THE SOLLCER
CONNECTIONS. THE NIU WAS SUBJTECTED T0 AN ASEREVIATED ATF INCLUDING
THERMAL AND VIBRATION, WITH NO ANOMALIES DETECTED. THE MTU WAS THEMN
SUCCESSFULLY SUBJECTED TC THE TOTAL ATP TEST PROCEDURE INCLUDING

THERMAL CYCLING AND 3 AXES VIBRATION. THIS HAS BEEN ACCOMPLISHED IM

ITS ENTIRETY WITH NO FAULT CCCURING.

(5) CARY AC7B13, SAIL, MTU E/N 3, 3=21-84 - MTU BITE BIT $4 INDICATED AN
UMACCEFTABLE FREQUENCY DIFFERENCE BITWEEN OSCILLATORS 152 . THE CAUSE
WAS TRACED TO A FRACTURED SOLDER JOINT AT USo PIN & IN THE All BOARD S/W
L THE DEFECTIVE BOLDER JOINT WAS REFLOWED AND RECOATED. EINCE THE
CAUSE OF THE SOLDER JOINT FRACTURES HAD HNOT EPEN DETERMINED, NO
CORHECTIVE ACTION WAS PLANNED, EXCEPT TO USE IMPROVED PROCEDURES IN
MOUNTING AND SOLUERING FLATPACK I.C.'S IN NEW PRINTED WIRIHG BOARDS.

(6) CAR# A4475, SUFPLYER, NTU §/F 3, €-3-76 - APPER 2E MINUTES OF RANDOM
QVT IK THE X~AXIS, A WIRE LEAD OF CHOKE L) BROKE. L3 WAS MOUNTED ON THE
OSCILLATOR PWB (P/W 21203-5151). SCAHNNING ELECTRON MICROSBCOPE (SEM)
ANALYSIS INDICATED A WORF-HARDENED CONDITION AT THE LEAD BREAK. TWC
SIMILAR CHOKES WERE TAKEN FROM STOCE FOR LEAD ASEEESMENT, BUT NO
ANCMALIES WERE FOUND. REVIEW OF THE TEST RECORDE SHOWED A CUMULATIVE
EXPOSURE OF 48 MINUTES FER AXIS.

CAUSE OF FAILDRE WAS ATTRIBUTED TO LEAD FATIGUE AGGRAVATED BY EXCESSIVE
LEAD FLEXURE DITRING THE BUILD CYOLE. 1T WAS ALso NOTED TEAT THE MTU
CONTAINS 51 SIMILARILY MOUNTED CHOFES, ALL OF WHICH PASSED QVT. THIS IS

A PIRST OCCURRENGE. NO TREND OR GENERIC PROBLEM IS INDICATED. RO ADTION

WAS TAXEN EXCEPT TO CAUTION AND INSTRUCT ALL ASSEMPLERS AGAINST EXCESSIVE

{7) CAR{ A4953, SUPPLIER, MU 8/F 3, 9=8-76 - THE MTU OSCILIATOR OUTPUT
SIGNAL (STINEWAVE) OF CONNECTOR J6 WAS DELOW THE SPECIFICATION OF 0.2 TD
1:4 VRMS AFTER 30 MINUTES OF I-AXIS VIBRATION. A FRACTURE OF A CHOEE
LEAD WAS FOUND ON THE FRINTED CIRCUIT BOARD. THE CAUSE OF FRACTDRE WAS
DETERMINED TC EE REPEATED COLLISION OF THE COMPONENT LEAD WITH THE SIDE
OF THE OSBCILLATOR CHASSIS DORING UUAL VIBRATION, TO PRFVENT FURTHER
TRACTURES OF BOAMRDYS, SPACERS WERE ADDED AT EACH CORNER OF THE TOP EDGE
OF THE PRINTED CIRCUIT BOCARDS A3 AND A4 TO PREVENT VIBRATIDN. THIS
CHANGE WAS IMPLEMENTED ON ALL PLIGHT UNITS. TEE KTU SUCCESSFULLY
COMFLETED THE FLYGHT VIBRATION RETPST. :

o5 -4 -t3
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{8) CARY AD2031, BATL, MPU &/H 3, S-25-87 - MNTU ACCUMULATOR NO. 2
INTERMITTENTLY READ ZERC IN THE GMT TENS OF MINUTES COLIUMN. THIS FAILURE
WAS INDICATED BY BOTH THE GPC (MDM FF2) AND OI (MDM OF2) DATA WORDS. AN
OSCILLOSCOPE CHECF FOR WAVEFORM AND VOLTAGE IRREGULARITIES ON THE AO6
ACCUNULATOR #2 BOARD (P/N E41R237601, S/N $) WAS PERFORMED WITH NO
ANCOMALIXS DETECTED. AMONG THE PARTS PROBED, WERE I.C.'S USD, USO, AND
U&2, ALL OF WHICH RELATE TU THE TEN MINUTE GMT PARAMETER. THE CAUSE OF
THIS ANOGMALY COULD NOT BE DETERMINED. IT COULD ONLY BE CONCLUDED THAT
INTERMITTENT GLITCHES WITHIN THE TENS OF MINUTES GMT CIRCUITRY OF THE AGE
ACCUMULATOR BORRD WERE RESPONSIALY FOR THE PROBLEM.

THE FROBLEM COULD ROT BE DUOPLICATED AT TME SUPPLIER. SINCE THIS LRU IS A
QUAL DNIT, TEIE UNIT WILL NEVER POSE A PROBLEM DURING FLIGHT. KO
PROBLEMS CONCERNING OTHER UNITS ARE PORSEEN BECAYSE NO TREND OF GENERIC
FROBLEM I5 INDICATED. THIS WAS THE FIRST INSTANCE OF AN UNEXPLAINED
ANOMALY ACCUMULATOR FAILURE.

{2) CAR{Y A4309, SUPPLIER, MTU S/W 4, &-9=76 = THE MTU FAILED ATP NOISE
TEST [ERRONECUS OUTPUT), IT EHOULD HAVE BEEN S5 DB MIN. BUT IT WAS S3DB.
IT WAS CAUSED BY A GROUND LCOF CRUSED BY COUPLING BACK TO THE
OSCILLATOR. THE OSCILIATOR CQUPLING WAS REMOVED AND THE SHIELDS

WERE FLOATED. EDCP 432%1-3%2-310-4 THAT REMOVES THE GRCUND COUPLING AND
LETTING THE SEIELD FLOAT HAS BEFN APPROVED. THIS CHANGE IS EFFECTIVE ON
ALL FLIGHT UNITE. .

{10} CAR® ACS7DS, OVIN3 REC, MTU /N 6, 5-17-45 -

IT WAS SUSPECTED THAT 05C #2 EXHIBITED A RAPID NEGATIVE FREQUENCY CHANGE
WHICH RESULTED IN THE GPC'S FAULTING DOWN TO INTERNAL TIMING. OSC #1 WAS
AUTOMATICALLY SELECTED AND NORMAL OPERATION WAS RESTORED IN ABOUT 2
EECONDS. O5C 2 WAS LATER SELECTED, BUT THE FROBLEM DID HoT REPEAT.
THIS FAILURE OCCURED WHEN MTU S/N & WAS STILL IN A STATE OF RWARM-UDY,
OSCILLATOR 5/N 622 WAS REMOVED FROM THE MTU, AND AFTER EXTENSIVE TESTING
THE SUPPLIER COULD NOT DUFLICATE THE ANOMALY. THE OSCILLATOR WAS
REINSTALLED IN MTU 5/N 6. THE MTU WAS THEN FULLY RE-ATP'D AND INSTALLED
IN BAIL FPOR TWO MONTHS OF CONTINUDOUS OBSERVATION. APTER COMPLETING THE
ABOVE WITH NO FROBLYMS, MTU 5/N 6§ WAS RETURNED TO THE FIELD FOR
UNRESTRICTED USAGE.

oS-y
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(11) CAR$# ACEI1), SAIL, MTU E/N J, 6-21=84 = THE MTU GMT TIME OUTFUT B
HAD A 40 MILLISECOND(MS) ERROR AT THE da MINUTE ROLLOVER TIME DURING
JSC/BAIL TESTING. THE MET REMAINED OF. IT WAS FOUND WHEN TESTING
FEQUIRED THE USE OF ACCUMULATOR B, THE SYSTEM(SOFTWARE) AUTOMATICALLY
SWITCHED TO THER THIRD ACCUMULATOR, ¢. IT WAS THEN DETERMINED THAT AT
THE HOUR AND AT THE 40 MINUTE INDICATION, THE GMT OUTECT JUMPED AHEAD
40 ME, THEN AUTOMATTCALLY CORRECTED TO THE ACCURATE TIME, THIE
CONDITION WAS NOT FOUND ON RITHER ACCUMULATOR A OR €, THE FATLURE WAE
IEDLATED To UEd ON BOARD AD6(EMIFT RECISTER TYPE 4021a} BY
WESTINGHCUSE-BALTIMORE, THE MICRGCIRCUIT WAS X=RAYED, OPENED AMD
INTERNALLY VISUALLY EXAMINED AND NO DEFECT WAS FOUND. EXCESSIVE
LEARAGE {URRENT WAS MEASURED ON THE SERIAL IN  HOWEVER, THIS COULD
HAVE BEEN CAUSED BY THE DELIDDING FROCESS., THIZ PREMATURE DESTRUCTIVE
TEST MAY RAVE DESTROYED EVIDENCE IN DETERMINING THE MINUTE COMPOMNERT
MALFUNCTION, THE ACCUMILATOR BOARD RETEST CLEARLY INDICATES THAT us3
WAS THE ONLY PROBABLE CAUSE FOR FAILURE. U&3 IS5 NOT AVAILABLE FOR ANY
ADDITIONAL TESTING. FAILURE RATE OF DEVICE IS BELOW FAILURE RATE
PREDICTION, NG GENERIC TREND IS INDICATED. HO FURTHER ACTION 1Is
CONTEMPLATED AT THIS TIME, SUPPLIER PID NOT UNDERSTAND RAlQ
REQUIREMENTS POR DEVICE RETENTION AND DETAILED PAILURE ANAYSIS. NEW
DESIGN WOULD USE A 4021B(M3B510}/05754) WHERE THE DEVICE l1s TESTED FOR
LERFAGES AT A HIGHER VOLTACE. THE MOST LIKELY CAUSE OF PATLURE Iz AN
EXTERNALLY APPLIED ELECTRICAL OVERSTRESS ON INPUT PIN 1. s :

(12} CAR$ ACS356, SBUFPPLIER, MTU 5/F 6, 9=2%.A4 = DURING ATP, THE
DEMAND CHANNEL BECAME INTERMITTENT. FROBLEM WAS ISOLATED TO USE oN
CARD Ale (ACCUMULATOR, P/M G41R237) . CURVE TRACER TEST OF UsE

INDICATED HIGH LEAKAGE CURRENT BETWEEN PINS 1 & 15. ONE FAILURE CF THE
8AME TYPE AND PART WAS PREVIDUSLY NOTED ON CAR# AC8313 (UG3 ON CARD
ADE) . SEM ANMALYSIS OF Ue3 FAILED TO REVERL THE CAUGE OF FATLURE, D96

APPLIED ELECTRICAL OVERSTRESS AT PIN 1. US6 IDENTIFICATION Is:
M3I58510/05704BFA.

{E) OFERATIONAL TISE

POR GROUND DETECTED ERRONEOUE OUTPUT ON ORBIT THERE IS5 A PRE FLIGHT
APPROVED AND VERIFIED G-MEM FROCEDURE TO RECOVER PROPER BF5 TIME,

o5 -§-15



